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The research at this subdivision is devoted to correlation studies on structures and properties of both natural and artifi -
cial molecular aggregates from two main standpoints: photoelectric and dielectric properties. The electronic structure of 
organic thin fi lms is studied using photoemission and inverse photoemission spectrosocpies in connection with the for-
mer, and its results are applied to create novel molecular systems with characteristic electronic functions. The latter is
concerned with heterogeneous sturcutres in mocrocapsules, boipolymers, biological membranes and biological cells.
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Spontaneous Buildup of Surface Potential 
with a Thin Film of a Zwitterionic Molecule 
Giving Noncentrosymmetric Crystal
Structure
Surface potentials were examined using the Kelvin 
method for thin fi lms of zwitterionic molecules, pyridi-
nium 1,3-dihydro-1,3-dioxo-2H-inden-2-ylide (PI) or 2-N-
pyridinium-1,3-indandione betaine (IPB) and its nitrogen 
substituted compounds: pyridinium 5,7-dihydro-5,7- 
dioxo-6H-cyclopenta[b]pyridin-6-ylide (4N-PI) and pyridi-
nium 5,7-dihydro-5,7-dioxo-6H-cyclopenta[c]pyridin-6- 
ylide (5N-PI), as well as pentacene as a control material. 
Among the three zwitterionic compounds, we recently 
confi rmed that only 4N-PI molecules crystallize in a non-
centrosymmetric structure with a space group Pc where 
all the molecular dipole moments point in the same direc-
tion. Spontaneous buildup of the surface potential on the 
fi lm 5.5 V at a fi lm thickness of 300 nm was observed 
only for 4N-PI (Figure 1). The relationship between the 
alignment of the molecular dipole moments in the fi lm 
and the measured surface potentials was investigated us-
ing grazing incidence x-ray diffraction (GIXD), pole-fi g-
ure measurements, atomic force microscopy (AFM), and 
Kelvin probe force microscopy (KFM). These structural 
analyses disclosed that the 4N-PI fi lm contains small crys-
tallites with the noncentrosymmetric crystallographic 
structure which is the same as its single crystal. Further, 
the crystallites are oriented with the (110) axes perpen-
dicular to the substrate surface with a broad distribution 
width of about 20° (Figure 2). This result indicates that 
polar molecules crystallizing in the noncentrosymmetric 
structure can also show spontaneous surface potential 
when a preferred fi lm structure is realized.
Dielectric Spectroscopy Reveals Nanoholes of 
Erythrocyte Membrane Ghosts
When blood is diluted with water, erythrocytes swell
and then burst to release hemoglobin molecules. The
remaining membranes, called “ghosts”, are resealed under 
physiological conditions. About 50 years ago, Schwan and 
Carstensen reported that ghost suspensions showed 
peculiar dielectric dispersion below 10 kHz, called 
α-dispersion , which was not found for intact erythrocyte
suspensions. The findings, however, have never been
traced because of diffi culty in low-frequency measure-
ment due to electrode polarization, and therefore the
origin of the α-dispersion has not been understood. This
study has disclosed the α-dispersion (see Figure 3) by
solving the problem in measurement using a new elec-
trode confi guration. The α-dispersion was found to be
quite unstable at room temperature, being stabilized by
fi xation of ghosts with glutaraldehyde. The properties of 
the α-dispersion were exactly interpreted by the existence
of a hole in each ghost membrane. The numerical simula-
tion with a spherical cell model with a hole provided a
linear relation between the characteristic frequency fα of 
the α-dispersion and the hole radius Rh, and thereby the
values of Rh being determined from those of fα straightfor-
wardly. The estimated values of Rh were close to those
obtained by electron microscopy and several times larger 
than those from the analysis of the diffusion of probe
molecules through the holes.
Figure 1. Surface potential measured for the fi lms in the dark as a func-
tion of fi lm thickness.
Figure 2. (a) X-ray pole fi gures (plotted as a function of polar angle α
measured from the surface normal) of (110), (111) and (100) diffractions
for the 4N-PI fi lm. (b) Schematic of the analyzed orientation of the unit 
cell with 4N-PI molecules on the substrate surface.
Figure 3. The capacitance of intact erythrocyte (closed circle) and ghost 
(open circle) suspensions plotted against the frequency of the applied ac 
fi eld.
